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Re Ex Purle Puesetiluliorr 
I n  the Mattcr o f  MiLieation oforbital  Debris, 1B Docket No 02-54 

Dear Ms Dot-tch 

This letter i s  nrttteii o n  behalf of lntnarsat Ventures L~mited  ("liimarsat") to 
clabotalr on iiiiltters cliscussed with Cornmisston stafl' i n  Ininarsat's ex parte presentation of 
December 22, 2003 For the rcasoiis set forth helow, lnmarsat urges the Coturnisston nol lo 
i.ctlucc tlie $0. I O  degree eastlwcst station Itecping tolerance that currently applies to MSS 
sp;icccrafl I f  the Commissioii tnone~heless does so, (I) the Coni~nissioi i  should not retroactively 
apply th is  I-cquirement to MSS spacecraft that are in orbit or are being physically constructed, 
i i nd  ( 1 1 )  the Commission should define the requirement so that conipliance I S  mcastired in terms 
of casl./west motion at the equalorial plaiic, and not at locations north or south of that plane 

111 tlic NPRM in t h i s  proceediiig, the Commission proposed to slightly tnodlfy 
cL'i't.itii FCC sr i 'v ice I-LIICS Il ia1 l iavc governed the station Iteeping loleiance for FSS spacccraft. 
i iamely. t l ie irecl~iirciiient that Cis0 FSS spacecraft be inaintained at +0.05 degrccs o f  tlieii. 
;issigned loiigitirdes Signilicantly, the C'oiiiinisstoii did no( propose extending t h ~ s  50 05 degree 
c;ist.'wcsI station keeping tolerancc requircineiit to MSS networks, whtch LISC FSS frequencies for 
lccdet- links (cotinm~iiiicalions bctneen the MSS spacecraft and the large "gateway" tcrminals 
that provide niterconnections to the public switched network). Rather, the Commtsslon simply 
asked whetlier the requirement should be extended to space stat~ons ~n other services, such as 
MSS networks and rcniote sensing satcllites I 

No party endorsed such a requirement, and lnmarsat is  not aware orany  
~rilhriniation i n  the trccord that \\rotild \\arrant extending this +0.05 degree eastiwcst station 
I,ccl1tlis t~~]~iit-ciiictit to MSS iieta.orlis To the contrary, MSS networks, such as Tnniarsat's. 
h a \  c I)een designed and implcnicnlcd in  accordance with longstanding ITU standards requ~rtng 
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Figure I depicts the iiiotioii o r  an ideal inclined orbit spacecraft whose north/soutli 
inclination in  3 4 degrees. The position noted on tlie vertical axis as 0.00 degrees represents the 
cqtiiitciri:il plane At locations above and below the equatorial plane, the width of the figure eight 
o ih l  is a l i inction of the  height orthe orbit The width of thc figure eight is a matter ofphysics. 
As thc height ortlie figtire cight orbit incrcascs, its width rapidly expands as the square ofits 
height And once the height ofthe figure eight extends above 2.7 degrees north/south, an MSS 
opcratoi- h i i s  to significantly iiicrease the number o f  operating maneuvers in order to l imit 
ca\l'i\csi motion of the spaceci-aft to Mithin 50 05 degrees These maneuvers consume valuable 
ftic.1 on hoard the spacecrafi, and thereby shorten the life of the spacecraft. Thus, they are not 
Lqpically undertaken uiiless absolutely necessary. And once the height of the figure eight 
c\iciitls above approxiinately 3 4 degrees inortldsouth. i [  is no longer possible to maintain ai-0 05 
cast \\est statioii keeping tolcraiicc, as sho~lflin in  Figure 1 No amount of eastiwest slatioii 
Itecpiiig can change th i s  

There are other factors that affect the east/west station keeping o c a  spacecraft 
Duc to Laryii ig gravitational forces at different longitudes in the geostationary orbit (caused by 
tlie Ibci tha t  the Earth is not a pcrfcct sphere), some orbital locations are morc susceptible to 
lo i i~ i~udc  di i f i  llian others There are four gravitational "nulls" around the geostationary orbit 
located a t  longitude.; of75"E. 162"E. 105"W and 1 1  5"W. Unfortunately, for most operators, 
tlicii. spacccrafl are located in  the regions betwecn these nulls where they experience noii-zero 
d i - i  ft accelerations which i i i us t  be opposed in order to keep the spacecraft within the assigned 
station keeping box The longitude drift causes the whole figure eight pattern to move from one 
edge oltlie box across to the other, thus, the s i l e  of the longitude margin between the edge ofthe 
fiytirc eight and the edgc of the box directly determines how often an operator must perfonn 
east!wesL stallon keeping A smaller box requires inore frequent station keeping maneuvers 

Morcober, east/west station keeping I S  affected by the amount of eccenlricity in  

the orbit of an MSS spacecraft, which is driven of the physical characteristlcs o r a  spacccrafl. 
,411 ideal spacecraft that presented no surface area to the stin in a perfectly circular orbit would 
tr;icc ii  perfect ligurc eight i n  tlie sky, and. putting asidc the effects of longitude drift, would 
cross the equatorial plane at the same place each day Unfortunately, no objects in space. ineither 
the tiiooii, the earth, nor man-made spacecraft ai'e ideal. Much l ike the sail o f a  sailboat 
-'carches" the wind, large reflector antennas and solar arrays on spacecran tend to "catch" Solar 
pamcles, which increase the eccentricity of their orbit The impact ofthese padicles add to the 
orhii \'elocity of the spacecraft as it movcs away from the sun (the night side) a n d  converscly, 
ilicy subtract from the orbit vclocity as thc spacecraft approaches the sun (the inonling side) As 
;I result, tlie figure eight i n  the orbit of an MSS spacecraft becomes distorted, and it then 
iiilersects the equatorial plane at different locations 

Figurc 2 shows the effects of unmanaged eccentricity combined with 14 days of 
longitidc drift By contrast, Figure 3 shows that rotating perigee into the equatorial plane would 
I csiorc ii inore symnietric figure eighl and thus, minimizes longitude exctirsions at the equatorial 
I,laile 
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Figure 2 

Figure 3 
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Thc cxtent of orbit eccentricily is driven by the surface area presented to the solar 
\\wiid This is clearly dependent on the size of the spacecraft and its appendages such as large 
solar an'ays and large communications antenna reflectors. Information that Inmarsat has recently 
icccivecl  i n  its discussions wi th  mantifacturers about the future of spacecraft design indicates that 
i t i t  tire MSS spacecrafl wi l l  be largcr, have bigger antenna reflectors, bigger solar arrays, and 
therehi-c, will be cccii more susceptible to eccentric orbil longitude excursioiis than MSS 
spacecrall today 

Each oftlie separate f'actoi.s explained above---the impact of iiorth/south 
exctii.sioii in  an inclined orbit, longitude drift ,  aiid orbital eccentricity---contributes to the overall 
eastluest stlition keeping tolcrance that could be maintained by an MSS spacecraft 
inorthsouth orbital cxcursion establishes a inoniinal east/west tolerance that is theoretically 
acliic~ablc, but that value needs to be increased to take into account other variables such as (I) 
loiigitutlc drift, which varies a t  difrereiit orbital locations around the world, and (11) eccentricity. 
u liicli is (Iri\eii by the size and physical configuralion oran MSS Spacecraft Combined, these 
liictoib niahe il  siinply infeasible to niaiiitain an MSS spacecraft within 10.05 dcgrees easthest  
iii all parts of its orbit 

The 

Inmarsat believer that the Commission's current 10 .  10 degree eastlwest station 
liccping reqiiirenient for MSS spacecraft adequately accounts for the impact of each of these 
factors. aiid tlial this tolerance docs not have any material adverse impact on the operation of 
oilier sixicecraft. Ininarsal therefore believes that no change i n  the Commission's rules reyarding 
statioii keeping of MSS spacecraft is warranted. Any rule that would l imit ast iwest  station 
hcrp i i ig  to less than 1 0  10 degrees would Linnecessarily constram future spacecraft desigii And 
c w i  i f  the operations of MSS spacecraft that are i n  orbit or are belng built could be modified to 
cuiiiply \+it11 a ne\\ cadwest  station keeping tolerance of 10.05 degrees (which is far from 
certain), doing so would adversely impact the operation and reduce the useful life of those 
spacecraft 

Moreover, the Commission should not adopt any rcgulation governing the 
cIiai.acicrislics o f  inclined orbits that could require satellite operators to license a patent from 
aiiotliei- entit),. Just after Ininarrat'b December 22, 2003 ex parte meeting, Boeiiig alerted the 
c'oniiiiission that i t  holds a U S patent for a method of controlling the eccentricity of inclined 
GSO orbit spacecraft ' Inmarsat is still assessing this patent. Before adopting any 10.05 degree 
cabt,'\+est station keeping tolerance reqtiirerneiit, the Commission should be certain that space 
sintioil operators would not have to usc techniques that potentially overlap wlth this or other 
existing patents i n  order to inanage orbital eccentrlcity and thereby comply with such a stalloil 
kccpiiig reqiiireinent 

Furthermore, aiiy station keeping tolerance regulation that I S  adopted should be 
Lipplied only on aprospecli\;e basis, and i t  should not apply to MSS spacecraft that are either i i i -  

wh i l  or ctirrcnlly tinder physical construction lnniarsat is in the midst of completing its next 
guncratioii Iiiinarsat 4 satellites, a t  ail investmeiit ofover $ I  5 Billion (U S.). This mobile 

' Lliiited State5 Patcnt No US006305646Rl. October 23, 2001 (Inventor Jeoffrey R McAlhster, et al ) 
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w l ? I l i I e  ayale iu  has been dcsigncd ii i  coiiforniance wi th  the existing ITU and FCC 1 0  I O  dcgree 
east:\\ eat stalioii kccping tolcrancc reqtiirenient for MSS spacecraft 

The Inmarsat 4 spacecraIt are the heaviest commercial satellite xeneration in  
~ \ i b t e i i c ~ ,  liri\!e large solar arrays and antenna reflectors, and therefore are more susceptible l o  
I l i e  I y x s  of orbit eccentricity issties disctissed above These spacecraft are designed with the 
lalcst a\  ailablc propulsion systcm technology. each Iiimarsat 4 satellite will use plasma thrtistei-s 
lo1 both inortl~/south station keeping and Ihr eccentricity control, and wil l  rely on standard 
cl ic ' i i i ical  propiilsion only for longitude drift control However, Inmarsat has not yet gained 
operational experience in iiiaiiitainiiig this new type of spacecraft. It therefore is far from certain 
wlnclhcr, i n  practice, ai1 Inmarsat 4 spacecraft could comply with a 1 0  OS degree eastiwest slation 
kccpiiiz tolerance that is adopted at this very late stage in the Iiimarsat 4 program. 

Should the Conimission iioncthcless adopt an eastlwest station keeping 
~cqiiirciii~'iit Ibr MSS spaceci-aft, fiuiiwsat urges the Coinmission to define il with reference to 
[ l ie  eqtiatoriiil plane as follows 

MSS spacc stations operated in the geostationary satellite orbit nitis1 be maintained within 
iO.05" of their assigned orbital location in the eastiwest direction c z t  lhe equurorrolplane, 
tii i less specifically authorized by the Commission to operate with a different longitudinal 
tolcrancc, and except as provided in Section 25 282 (End-of-life disposal). 

Doiiiy so would achieve a inuiiiber ofthings. First, i t  would constrain eas thes t  drift only al the 
localioii ofconcern-at the eqiiatorial plane Second, it  would not constrain the width of thc 
"lif~iie eight" above and below the equatorial plaiic that is inherent iii [he orbit o f a  spacecraft in 
an  iiiclined orbit Third. it would allow for the possibility of "iion-grandfathered" future MSS 
s p a c c c ~ i l i  coordinating greater than +0.05" station keeping tolerances with rcspect to other 
spacecraft i n  adjacent orbit locations. 

In conclusion. Iiimarsat urges (he Cornmission not to iiiipose a 10 OS degree 
east.'west station keeping tolerance 011 MSS spacecraft. But if the Commission nonetheless does 
so, Inmarsat requests thal the Conimission (1) apply such a requirement only on a prospective 
basis, and not to MSS spacecraft that are in-orbit or are currently under physical construction, 
and ( 1 1 )  det l i ie the requirement so that compliaiice is measured in terms ofeast/west motion at the 
eqtiarol-ial plane, and not at locations north or south ofthat plane 

An original and three copies are enclosed 

Respectfully subniitted, 

John P .lainka 
Alcx D I-ioehn-Saric 
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CL. Slwyl Wilkcrson 
Rod Poi-ter 
John Martin 
J a c k i e  Ruff 
Sanbar Persnud 
Stevcn Spacth 
Karl l<cnsinger 
Steplieii Dual1 
J o An ii L uc a i i  I  k 
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